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ABSTRACT

metric test mformatlon For two samples tested wnth Rush Hughes materials and one
nmple tested with W=22 materials, PB score in the nontest ear and difference between
SRT’s in the test and nontest ears were the two best predictors of PB acorés. The
éstimating equation (Rush Hughes) developed on these samples was applied to groups
with normal hearing (very poor prediction) and wixed lossés (Wmoderately good
prediction). Application of the equations to croas-validation samples indicatéd high
validity coefficients for the W-22 equation, but only moderate validity coefflclents
for the RH equation. Results suggest that the predictive contribution of PB acore in
the nontest ear includeés. the effect of nonmeasuréd variables such as subject’s verbal
aptitude, motivation, differénce between speaker’s and listener’s dialects, etc.

This technical documentary report has been reviewed and is approved.
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Colonel, USAF, ISC
Chief, Operations Division




1. INTRODUCTION

Although speech disecrimination testing is
routinely used in audiologic evaluatijons; in-
vestigators have not concurred inh their inter-
pretation of the property being measured not
in its relationship to other hearing attributes.
Nevertheless; the goal of predicting speech dis-
critnination scores from other audiologic test
measures persists since capability of reliable
prediction would frequently render the proce-
dure of speech discrimination unnecessary.
Moreover, an understanding of the interrela-
tionshlps between audlologlc test ~measures

hearmg and llstemng

Mullins and Bangs (2) approached predic-
tion of speech discrimination scores by using
multiple regression technics. In the design of
their study, however, they included both ears
of many subjects. Data reported below indicate
that speech discrifnination performance be-
tween ears is intercorrelated, suggesting that
their statistical results may be spuriously high.
Mullins and Bangs (2) also introduced a new
quantity, the “masking index,” which was in-
tended to assess the effect of the audiogram
configuration. This was computed by summing
the differences between the threshold at one
frequency and the thresholds of all lower fre-
quencies. Although they found that the total
masking index for 500, 1000, and 2000 cps
correlated rather well with speech discrimina-
tion scores (.506), a study by Ross et al. (3)
did not confirm this finding for speech dis-
crimination in quiet They found, however,

predxctors of speech d,;scnmmatmn in noise.

Young and Glbbons (4), who have recently

Received for publication or .7 September 1962.

considered their own experimental results as
well, have concluded that “analysis and inter-
pretation of the data indicated insufficient re-
lationship between speech discrimination scores
and thresholds for speech reception and pure
tones for the purpose of clinical prediction of
speech discrimination test results.”

2. METHOD

The study reported in this paper was initiat-
ed early in 1961 before the papers by Young
and Gibbons (4) and Ross et al. (3) were
published. All available and potentially predic-
tive information was utilized, including air and
bone conduction scores, speech reception
threshold (SRT), and age. Rather than com-
puting masking indices, pure tone air conduc-
tion scores were utilized in a manner which
emphasized the shape of the audiogram but
did net introduce linear dependencies into the
correlation matrix. Bone conduction scores
were introduced to highlight the air-bone gap.
Finally, several air conduction, interaction
varjables were included to explore previously
unexamined relationships. It was hoped that
this realignment of traditional audiologic vari-
ables might expose existing interrelationships.

Record cards for all patxents seen in the
Mgrch 1961 were scanned to locate cases f@r
which complete audiograms existed. Audio-
metric information required consisted of air
conduction (AC) scores at 250, 500, 1000,
2000, 3000, 4000, 6000, and 8000 cps; bone con-
duction (BC) scores at 500, 1000, and 4000 cps;
speech reception thresheld (SRT); and speech
discrimination (PB) score. In addition, test
material used, and intensity at which the PB
materials had been administered were required.
Only the poorer ear was used for prediction in
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this study—-a decision determined by compar-
ing speech freguehcy averages for both ears.
The information outlined above was recorded
for the test ear selected as well as for the SRT
and PB scores for the nontest ear.

All patients included in this study had been
tested at the School of Aerospace Medicine,
Audiology Laboratory, by trained and com-
petent staff members; who used calibrated
equipment and standardized procedures (oral
response to PB lists). Speech discrimination
testing was accomplished by use of disk-
recorded W-22 of Rush Hughes (RH) speech
materials. Because ¢hanges in equipment and
staff personnel necessarlly had occurred the
data for 1960 and the fu-st part of 1961 were
considered separately (designated 1960 sam-
ple).

Patients’ audiograms were categorized into
four groups according to the following guide
lines: To be considered as a perceptive loss,
an ear was required to have « bone conduction
score poorer than 16 db at some frequency and
to have an AC-BC gap less than 15 db at
4000 cps. To be considered as having a ¢on-
ductive loss, an ear was required to have AC
scores poorer than 15 db at some frequency,
BC scores not poorer than 156 db at that
frequency, and an AC-BC gap of at least 15 db
at some frequency. Ears meeting both criteria
were classified as having mixed hearing loss,
while those meeting neither criteria were con-
gidered as having normal hearing. This schema
appeared fairly adequate in classifying ears
in a manner with which clinical judgment would
concur. In a very few cases clinical judgment
was solicited. Inadequate numbers of ears with
conductive and mixed losses were identified.
Table I lists the number of patients or ears
assigned to each category for 1959 and for
1960. Groups marked with an asterisk were
those for which the initial regression technics
were developed, while those marked with a
dagger (1) were groups to which the predictive
equations were applied.

From the recorded test scores, a group of
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TABLE I
N'wmbe'r of ears i each category of hearing loss

T | ) Number of ears
Type of hearing ¥ ord lis j St
loss . Word hat 1059 | 1960
. _Data | Data
Perceptive w-22 8 | 26*
Perceptive Rush Hughes (RH)| 36* 52*
Mixed w-22 ] 7
Mixed RH 20t | 20%
Conductive  |W-22 2 | 2
Conductive JRH 1 1 8
Normal W-22 2 |1
_Normal  [RE | w7t | 6t

‘Regreuion eqmtioi: déveloped for thh group.
tRegression équation applied to this group.

shown in table II. In some cases the score was
used as it was recorded from the audiologic
record card — ie., X;=air conduction score at
250 cps, X,;s=SRT in the test ear, etc. The
other variables were generated from informa-
tion recorded on the audiologic test record
card. For example, X, is the difference between
the patient’s hearing level at 500 cps and his
hearing level at 250 cps in the test ear. If the
hearing curve were flat in that region, regard-
less of extent of loss, the value of X, would be
zero. Variables X; through X, were generated
in a similar manner. Variables X, through X;
combined contain all information of the usual
air conduction curve; however, this informa-
tion is expressed in a manner which emphasizes
the shape of the curve. The AC-BC gaps at
frequencies of 500, 1000, and 4000 cps are
represented by X X,, and X,,. Variables
X1, X2, and X,; are interaction variables in-
cluded to determine whether the impact of the
amount of change in hearing level between
frequencies is influenced by the threshold value
of the frequency at which the change begins.
Thus, for variable X,,, the AC threshold at
1000 cps is multiplied by the difference between
the thresholds for 2000 and 1000 cps. An
audiogram showing a hearing level of 5 db
for 1000 cps and 25 db for 2000 cps would

an audiogram wnth, a hearmg level of 20 db at
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TABLE I

Variables of the analysis

X, Air conduiction at 250 éps.

X, | Air conduction at 500 c¢ps minus air conduction at 260 ¢pa.

X, Air conduction at 1000 ¢ps minus air conduction at 500 cps.

X, | Air éonduction at 2000 cps minus air conduction at 1000 ¢ps.

X; | Air cohduction at 3000 ¢ps minus air conduction at 2000 cps.

X; Air conduction at 4000 cps minus air conduetion at 3000 cps.

X; |  Air conduction at 6000 cps minus air conduction at 4000 eps.

X; | Air conduction at 500 eps minus bone condudtion at 500 cps.

X, |  Air conduction at 1000 cps minus bone conduction at 1000 eps.

X,o | Air conduction at 4000 cps minus bone conduction at 4000 cps.

X Air conduction at 1000 ¢ps X (air conduction at 2000 cps minus ai¥ conduction at 1000 ¢ps).
X,z | Air conduction at 2000 eps X (air conduction at 4000 cps minus aif conduction at 2000 ¢ps).
X,3 | Air conduction at 4000 ¢ps X (air conduction at 8000 cps minus air conduction at 4000 cps).
X,s | PB score of nontest ear.

X5 SRT of poorer (test) ear.

X6 | SRT of poorer (test) ear minus SRT of nontest ear.

X, | Age

X,s Intensity level of PB testing minus SRT (test ear).

Y PB score of test ear (to be predicted).

1000 cps and 40 db at 2000 cps (same amount
of change between the two frequeticies) would
show X,, equal to 400 [20 X (40 — 20)].
Variables X,, and X,; were similarly deter-
mined. The difference between the SRT for
the test ear and the SRT for the nontest ear
is X;6. Since the test ear was chosen to be
the poorer ear (on the basis of the SFA), this
level above the SRT at which the PB test was
administered is represented by X,s. Standard
procedure required that this difference was
routinely 40 db; however, for patients with a
severe loss who experienced recruitment and
could not tolerate this level, a lower intensity
was employed. Finally, Y represents the PB
score in the test ear — the variable which was
to be predicted.

Separate predictive equations for Y (PB
score in test ear) were sought for each of
three groups of perceptive loss subjects:
(1) those tested with the RH List in 1959,
(2) those tested with the RH List in 1960, and

(8) those tested with the W-22 word list in
1960. These were the three groups with
largest sample sizes.

3. RESULTS

The Wherry-Doolittle approach to mul-
tiple regression was used in an attempt to
identify the variables which might, in linear
combination form, most satisfactorily explain
a large portion of the variability in the speech
discrimination scores (1). Although this pro-
cedure does not necessarily produce the opti-
mum combination of variables, it usually selects

~~~~~ Squared
multiple correlation coefficients (R?) when all
18 predictor variables were employed were .93,
.83, and .96 for the RH 1959, RH 1960, and
W-22 groups, respectively (table III). This
sets an upper bound en the level of prediction
that might be anticipated with a smaller
number of predictor variables. For both
RH samples X;5, SRT in the test ear, wvas
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TABLE 111
Squared multiple regression coefficients (Rz) for different linear

combinations of predictors of speech diserimination scores
{ sub]ects with perceptwe losses)

S —

Sample -

f)esc ﬁi’ﬁﬁﬁr of Rushlglslsghes Rushl:IG\:)ghes
predictor variables N = 36 N = 52
. 7Pred1ctoi' R2 Predlctor | Rre
- - —— — i "TF et s = e
1. Al 18 predictor variables 08 .96
2. Best single predictor X5 38 Xi5 [ 78
3. Two best predictors
(Wherry-Doolittle) X6 Xis b4 Xio Xus 81
4. Three best predictors
(Whéi"fy'Doo“tﬂe) xj]‘.p ‘Xliﬁ', Xim‘_\ -72 ij X]’;{;i x]ﬂ -83
5. PB score of nontest ear Xi4 - 32 X4 a3
6. Best common paif of predictora X106 Xis a2 X0 Xyq 80
1. All predictors excluding X, , 87 94
8. Best single predlct@r when
X,, éxcluded Xm .38 "X“ 29

the best single predictor of PB score (R2 =
38 for RH 1959, R = .37 for RH 1960).
For the W-22 group, however, the best
predictor was X,,, PB score in the nontest
ear (R? = .73). For the two RH samples the
Wherry-Doolittle procedures agreed in select-
ing the same two best predlctors, X4 and X5
(R? = .54 for RH 1959, R? = .56 for RH 1960),
and the same three best pred.lctors, X145 Xis,
and X, (X is the difference between SRT
scores of test and nontest ears) (R? = .72 for
RH 1959, R? = .70 for RH 1960). Since the
additional predictive contribution of X,; (com-
pared to prediction by X,, and X,s) was not
sngmflcant at the .10 level further 1dent1f1ca—
for these groups In t,he w-gz sample, ‘the
two best predictors were X,, (contralateral
Adigc,,rimination score) and X, (X, is AC at 260
cps) (R? = .81) while the addition of X,
(AC-BC gap at 4000 cps) as the third predictor
(R? = .83) selected by the Wherry-Doolittle
techmc did not contribute significantly. For
all three samples, the squared multiple correla-
tions using the three best predictors obtained
by the Wherry-Doolittle technic were reason-
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ably good (.72, .70, and .83) compared to the
max1mum values that mlght be expected
plored however, 1t was found that two
predictors, X;, and X,; (PB score in nontest
ear and difference between SRT’s of test and
nontest ears) produced equally good squared
multiple correlations (.72 for RH 1959, .70 for
RH 1960, and .80 for W-22). 7This is an
example of a situation in which the two best
predictors as selected by the Wherry-Doolittle
method did not provide as good prediction as
another choice of two predictors. It is partic-
ularly interesting that this occurred in both
RH samples.

Several other sets of results are presented
in table III including the squared multiple
ut;hzed The best smg!e pred;ctor, 1gnorl.ng
X,4, was found to be X, for the W-22 sample.
The predictive value of X,, alone is moderate
in the RH samples (R? = .32 and .33) while it
73) in the W-22 sample.




TABLE IV
Estimating equatwns for speech dzscnmmatwn 8cores

Sample Estlmatmg equation | 22 df
RH, 1959 Y = 8815 4 .9660X,, — 8210X, , 97.2066 | 38
RH, 1960 | Y = 17.0406 + .7984X,, - .7319K,, 85.6858 | 49
W-22; 1960 | Y = 39121 4 1.0298X;, — 2672X,, | 318609 | 22

Note: Xi is PB score for fontéat ear.
for teést ear.

Since contralateral speech discrimination
score and difference between SRT’s were found
to have high predictive value for all three
samples, predictive equations were developed
separately for each sample by using these
two variables. Resulting equations are shown
in table IV. Statistical tests showed that the
éoefficieiit for Xm in the W-22 sampie was
coeff1c1ents in the other two samples (01
sighificance level). Since there were no sig-
nificant differences between coefficients or
intercepts of the RH equations, data for these
two groups were combined and one estimating
equation was developed:

Y = 10.7795 4 8615 X,, = 1483 X,,,
2 = 92.555 (85 df)

speech dlscnm_matlon scores for subJects w,lth
mixed hearing loss and with normal hearing.
The correlations between predicted and ob-
served PB scores (table V) for the 1959 and

TABLE V

Correlation between observed PB scores and
scores predicted with combined RH
estzma,tmg equation

Sample Year N S::;::;tef::
Mlxed RH ‘ 1959 20 .568*
Mixed RH 1960 20 1224
Normal RH 1959 1 396
Normal RH 1960 16 4961

‘Sigmﬁcantly d|iferent from zero correlntion, P < 01,
tSignificantly different from zero correlation, P < 001
iSignificantly different from zero correlation, P ¢ .10.

Xis ie SRT test ear minus SRT nontest éar.

Y ia PB séore

1960 groups with mixed hearing loss (.568
and .722) were significantly different from
zero. Among the comparable coefficients for
the two normal hearing groups, however, only
the Val'ue f()r the 1960 group attained sxgnifl-
cases tested thh the W-22 hst ameng ears
with normal or mixed hearing levels to attempt
prediction.

When the data analysis reached this
phase, a year had passed since the original
selection of ears had been made from patients’
files. It was possible, therefore, to select
another sample of ears tested during the year
that had elapsed, to categorize them into groups
according to the original classification scheme,
and to examine the relation between predicted
and observed PB scores in an effort to validate
the estimating equations. In this procedure
all subjects for whom complete audiograms
were available were considered as belonging to
set A. Since the predictive equations did not
require a complete audiegram, it was possible
to include subjects for whom only partial infor-
mation, including variables X,, and X, was
available; these were designated as set B. As
table VI indicates, only moderate success was
achieved with this validation procedure. All
observed correlation coefficients between pre-
dicted and observed PB scores are significantly
different from zero. The coefficient for the
W-22 sample (sets A and B combined to in-
crease group size) was encouragingly high
(.924). It should be noted that the W-22
estimatmg equatxon was used for this group,

sults for the perceptlve l.oss, RH Llst set B
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TABLE VI

Correlations between predicted and observed speech disérimination
8cores for vahdatwn (1961) samples

Type of hearing | .. . . N N ] . " 95%
7 Tozs Word list Set ) VN r P Confidence limits
Perceptive RH A 43 533 < .001 21 - .
Peréeptive RH B 212 374 < 001 26 = 49
Ferseptive b A mz o4 <001 st~ 9

B{ 9
Mlxed RH A 7 685 < .01 24 - 89
group were disappointingly low (r = .374). bility is that relationships observed in the

However, when the difference between the
mean PB score for RH 1960 group and the
validation RH, set B group was examined, a
difference was obtained which was significant
at the .001 level. Although the ears in vali-

dation RH, set B group sustained a perceptive
loss, their hearing level was considerably better
than that of ears in set A (this difference was
observed also in regard to X,s;), which was
undoubtedly the reason that a complete audio-
metric workup had not been given. RH, set B
group could, therefore, be eliminated from
consideration as a validity sample. The corre-
lation for the group with mixed hearing (.685)
was approximately equivalent to that found in
the 1959 and 1960 mixed hearing groups (table
V). The validity coefficient for the RH, set A
group was lower than anticipated (.533). The
mean PB score (74.1) of the RH, set A group
was significantly different (P < .05) from the
mean of the combined 1959 and 1960 RH sample
(69.4 — appendix, table A). Since the mean
he,anng levels and PB scores of the RH, set A
validation sample were more similar to the
1960 RH sample than the 1959 data, the predic-
tive equation that was developed for the 1960
data (table IV) was applied to the validation
sample. The resulting value (r = .531) was
almost identical to that obtained with the
combined RH predicting equation (r = .533).
Reasons for these lower validity coeffxclents

There may be undetermmed dliterences be-
tween the ears in the groups on which the
estimating equations were developed and the

ears in the validating sample. Another possi-

6

1959 and 1960 groups may have been spuriously
inflated by chance factors. The immediate
explanation for the lower R is that the corre-
lations of both X;, and X, with Y for the
validation sample (shown in appendix) were

considerably lower than for the original

samples.
4. DISCUSSION

In evaluating these results one must con-
clude that utilization of the derived variables
did not facilitate prediction of speech dis-
¢rimination scores. In the 1960 W-22 sample
variable X,, [(2000 — 1000) Xx 1000 AC]
was selected as the single best predictor when
X,, is excluded. With this exception, the de-
rived scores do not play any prominent pre-
dictive role, thus bolstering the findings of
other investigators concerning variables that
do not predict PB scores.

These results contribute additional indica-
tion that speech discrimination among ears
with perceptive loss is qualitatively different
from that among normal ears. Estunatmg
pred,lcted poorly or fa;led to p:edlct dlscnm-
ination in normal ears. Prediction among ears
with mixed loss was fair, presumably because
of the perceptive component in these cases.

The most probable explanation for the large
contribution of the contralateral discrimination
score concerns the fact that a large number
of features were common to this variable and

PR AR TS -



the criterion measure. Although the two
scores were obtained by administering test

words to different ears, only one human being
with associated intelligence, language ability,

test-taking aptitude, ete., was invelved. Fur-
ther, any deviations in equlpment calibration,
ambient noise, or examiner bias would prob-
ably have applied to both ears. It appears
that the contralateral discrimination scores
may §érve, i part, as a measure of the intra-

patient and situational features affecting

speech disecrimination performance which are
not routinely measured (e.g., patient intelli-
gence and motivation) and which, in some
cases; could be measured only with difficulty
(e.g.; examiner bias).

The large predictive contribution of X,
(contralateral discrimination score) suggests

its use as a criterion in developing new speech
diserimination materials. It would appear de-
girable to reduce the eentribution of the X,
variable as much as possible while simultane-
ously inecreasing the contributions of other
variables with more specific references. It would
be ihtereSting to determine whether measnres‘
dlfference in dlalect between speaker and pa=
tient, and difference in dialect between patient
and audiologist would markedly redice the
contribution of X,,. Another potential area
of research would determine what character-
istics of a PB list are most conducive to
eliciting a substantial predictive loading of the
contralateral discrimination score. Progress
along these lines would contribute to under-
standing of what i8 measured by speech
discrimination scores.
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APPENDIX
TABLE A

Means and variances for three predictor variables and speech
diserimination seore

N ]a{u | % | rli'1-:5 % l f‘m‘ & g Y - @

Perceptive loas ‘ ‘ : ‘ ‘
1059 RH 36 | 769 | 1764 | 223 | 3041 82 | 2004 | e85 | 323
1960 RH | s2 | 79 |w2a | 186 | 2800 | 108 | 1881 | 700 |
1961 RH, A | | w8 | 440 | 188 | 108 | s2 | w08 | 741 | o6
1961 RH, B 212 | 706 | 210 | -20 | 841 | 13| 125 | 2| 4
1960 W-22 | 25 | sa {187 | 28 | 2362 | 107 | 1506 | 851 | 1428
1061 W-22, A 10 | 4 | 8049 | 272 | 4684 | 39 | 207 | 726 | 6108
1961 W-22, B | o] 986 | 178 | o4 | 620 | o9 | 86| 81| ma

Mixed loss | i | |
1959 RH 20 | M1 | 1720 | 462 | 1685 235 | 3384

<y

-3

-3
(L TR -

2 5.2 6 5 33 7 137.6

[
©
-] ou

3

1960 RH | 20 | ma7 | 911 28 | 4132 | 230 | 3151 396.8
Normal ' : : : : 4 ‘
1959 RH o 810 | 3378 | 1.5 | 4855 93 | 3930 | 832 35.5
1960 RH B | 88 | 313 0.5 26.1 31| 208 | 807 26.1
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Intercorrelation matrix for 1961 RH, get A

TABLE E

perceptive sample

Variables
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